Introduction
The emergence of large variety of structural members made of two different materials, in the interest of restoration and economy, has inspired researchers to evaluate the contribution of the engineering materials to the structural strength at elevated temperatures. This study has been undertaken for the purpose of identifying the behavior of stepped beams, made of two different materials such as steel-aluminum, titanium-aluminum and copper-aluminum. The previous analytical and numerical studies on the post buckling behavior of isotropic uniform beams for simply supported and fixed-fixed end conditions are used to confirm the validity of results obtained by present method for different materials.
Fundamental principles of structural members under the influence of thermal and mechanical loads are reported in the work of Usmani et al [1] . The fundamental principles presented in this paper provide a means of estimating forces and displacements in real structures with appropriate idealizations.Raju and Rao [2] [3] [4] [5] [6] have studied the thermal post buckling of uniform and tapered columns with immovable ends, using Rayleigh-Ritz and the finite element methods. In this study an exact mathematical model thermal post buckling behavior of uniformly heated elastic rods has also been developed. Thermal post buckling behavior of heated elastic rods has also been predicted in this study. A simple intuitive method to predict the thermal post buckling behavior of uniform columns has been presented by Rao and Raju. Different types of boundary conditions for the columns have been presented in this study. Li and Batra [7] employed a numerical method, such as shooting method, in the study and analysis of deformations of homogenous and isotropic Euler-Bernoulli beams with simply supported and fixed-fixed end conditions, heated uniformly into the post buckling regime.
The concept of a stepped compound beam is introduced in the present authors" research work [8, 9 ] to obtain a near optimum (minimum mass) configuration with respect to critical buckling temperature of the stepped symmetric compound beam for different boundary conditions and different material combinations. The nonlinear ordinary differential equations deals with post buckling behavior of beams subject to compressive loads have analyzed either numerically or analytically in the work of [10] [11] [12] .Jeket [13] has studied deformations of a thermally buckled beam made of nonlinear thermo elastic material. Sherbourne, A.N. [14] and Pandy and Sherbourne [15] have reported the buckling and post buckling of composite beams and plates by using differential quadrature multiplier principle, DQM. Li and Balachandran [16] have analyzed the thermal buckling and free vibrations of composite micro electromechanical resonators modeled as stepped composite Euler-Bernoulli beam.Thermal buckling strength of axially restrained composite structure is investigated by Kardomates et al [17] . The pinned-fixed beam resting on elastic foundation is investigated by Xisong and Shimrong Li [18] .Post buckling behavior of columns subjected to mechanical loads was discussed by Dym [19] and Thompson and Hunt [20] using differential approach.Buckling and vibration analysis of beams and plates for a wide range of anisotropic materials are addressed by Laszlo P. kollar and George S.Springer [22] .
Postbuckling deformations of perfect and geometrically imperfect columns resting on elastic foundations have been analysed by Koundis et al [23] . It was observed that the critical state of a perfect column is a stable symmetric bifurcation point.One of the major problems faced in realizing the compound beams is the joining of different materials efficiently and effectively performed by the modern techniques, especially friction welding, friction stir welding developed by the researchers reported in Refs. [24] [25] .
In the present work, energy principle is used to predict the thermal post buckling behavior of uniform and stepped beams with simply supported boundary conditions, made of single or two different materials combinations.
II.

Mathematical Formulation
Evaluation of Thermal Buckling Load
In this present method, concept leads only one single undetermined constant which can be solved by the principle of conservation of total energy.
Expressions for strain energy U, and potential energy W for the external applied compressive load P (EαTA), caused due to the temperature rise, for the right half of the three element symmetric beam, made of single material as shown in Fig.1a The magnitude of restraining force P, caused due to temperature rise T in the beam, 2.2 Evaluation of tension "T a " As the importance given in this presentation is to the stepped three segment symmetric beam made up of two different materials with immovable ends undergoes large lateral deformations, the axial tension developed ,T a , is given by 
The compressive force developed in the column, due to temperature raises T from the stress free condition under equilibrium conditions (linear elastic forces), reaches a critical value, known as the linear critical thermal load . However, in the post buckling range, the compressive force developed also has to balance the axial tension developed due to large deformations in addition to the linear elastic forces. Thus the thermal post buckling load in the non-dimensional form is expressed as = + λ T a (10) Once the tension developed in the beam due to large deflections is known, the thermal post-buckling behavior of the column in terms of = 1 + λ T a (11) Equation (11) gives the values of the ratio of thermal post buckling load parameter to buckling load parameter, of a simply supported beam for specified values of ratios of a/r 2 , ζ and I 12 .
Apart from the theoretical analysis, a detailed Finite Element Analysis is also carried out to capture the thermal post-buckling path of stepped beam using commercially available software ANSYS. The stepped beam is discretized with 100 beam elements (BEAM 4 of ANSYS 11.0). Initial geometric imperfection of 1/100 th of beam radius is given at the middle length of the beam(line of symmetry). The thermal load is applied in temperature increments (0.1 deg) from initial stress free temperature. Newton-Raphson procedure is used to solve the non-linear finite element system of equations. The analysis is carried out for the beam simply supported at both ends: translational dof at two ends are zero
III.
Numerical Results And Discussion
The material properties, namely, the Young"s modulus, density and linear coefficient of thermal expansion of aluminum, copper, steel and titanium, considered in this work are presented in Table 1. Tables 2 to  7 show the values of the ratios of the thermal post buckling load to thermal buckling load in the non dimensional form ( ) for the isotropic simply supported boundary conditions of uniform and stepped beams, obtained from the present theoretical analysis using energy principle and finite element analysis through software ANSYS for several values of central deflection parameter a/r 2 , length ratio, ζ and moment of inertia ratio, I 12.
The maximum difference in results of present theoretical analysis shown outside the bracket and ANSYS, values shown inside the bracket, is around 4%. The values of these ratios are decreasing with the increasing of length ratio and increasing with the increase of central deflection ratio and moment of inertia ratio. Also it is observed from the table 2 that the present theoretical analysis and ANSYS values for a uniform simply supported and isotropic beam have shown good agreement with a difference of 0.001% and 4% with that of from Ref. [5] . Beyond this value of the difference goes on increasing with increasing of a/r 2 and a maximum of 0.535% for a/r 2 =3.This difference is not very high for all practical purposes. Tables 8 to 12 presenting the values of the ratios of the thermal post buckling load to thermal buckling load in the non dimensional form ( ) for the simply supported boundary conditions of stepped compound beams, obtained from the present theoretical analysis using energy principle and finite element analysis through software ANSYS for several values of central deflection parameter a/r 2 , length ratio, ζ and moment of inertia ratio, I 12. The results have shown the same trend as it is seen in results of the isotropic beam. Also observed that these values are higher for the material combination of titanium and aluminum due to larger value of thermal expansion ratio when compared with that from other material combinations of copper-aluminum and steelaluminum. It has been observed the ratios of ( ) for the compound beams are lower than that of isotropic beams at higher values of length ratio but more significant at lower values of length ratio. This can be clearly observed in the compound beam of titanium-aluminum combination existed with larger value of thermal expansion ratio and moderate value of modulus ratio. The same authors already presented in the previous research publications [8] [9] , the effectiveness and advantage of a compound beam with respect to mass and critical buckling temperature.
IV.
Conclusions
Thermal post buckling analysis of stepped ,symmetric beams ,made of single material and combinations of different materials for simply supported boundary conditions with immovable ends, is investigated using energy principle by considering the dimensionless form of 4 th order algebraic function and by using ANSYS. Accuracy of these results for a compound beam is verified with those obtained from the finite element method through software ANSYS and can be seen a good agreement. The present study on post buckling of stepped compound beams serve as a reference for predicting the post buckling response of compound beam and its significance in applications. : Areas moment of inertia of the elements 1 and 2 of the steppe symmetric circular beam respectively. r 1 , r 2 : Radii of the elements 1 and 2 of the stepped symmetric circular beam respectively. A 12 : Ratio of the across sectional areas of the elements 1 and 2 of the stepped symmetric circular beam respectively. r 12 : Ratio of the radii of the elements 1 and 2 of the stepped symmetric circular beam respectively. E 12 : Ratio of the modulus of elasticity of the elements 1 and 2 of the stepped symmetric circular beam respectively. ) and thermal critical load ( 
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